This paper presents the quantization schemes for the magnitude spectra of the slowly evolving waveform (SEW) and rapidly evolving waveform (REW) components in a 2 kb/s waveform interpolation (WI) coder. The SEW magnitude spectrum is quantized using a DCT-based predictive vector quantization approach. The REW magnitude spectrum is quantized using a matrix quantizer based on the combined dimension conversion method. The objective measures and subjective results indicate that the proposed quantization schemes are effective in achieving good quantization accuracy.
INTRODUCTION
Recently, to develop speech coding capable of achieving toll quality at 4 kb/s and below is one of major interests. Waveform interpolation [I] speech coding is one of the speech compression techniques that have the potential to provide high quality reconstructed speech at low bit rates.
In WI speech coding [I] , the encoder extracts pitchcycle waveforms from the linear prediction (LP) residual signal at regular intervals of about 2-3 ms. The extracted characteristic waveforms (CW) are aligned and normalized to form a two-dimensional representation that illustrates the characteristic waveform features (one pitchcycle each) as a function of the phase and describes the evolution of the speech waveform shape along the time axis. At the decoder, the two-dimensional CW surfaces are converted back into the one-dimensional residual signal using a CW and a pitch length at every sample point obtained by linear interpolation.
In order to enhance the coding efficiency, the CW is low-pass and high-pass filtered respectively along the time axis to produce the slowly evolving waveform (SEW) and the rapidly evolving waveform (REW 4, 5, 8] . This paper presents the quantization schemes for the magnitude spectra of the SEW and REW components in a 2 kb/s WI coder. The proposed quantization schemes are effective in achieving good quantization accuracy. This paper is organized as follows. In Section 2, the quantization of the SEW magnitude spectra is described. In Section 3, the quantization of REW magnitude spectra is described. In Section 4, the results of this work are summarized.
SEW MAGNITTUDE QUANTIZATION
In waveform interpolation coders, the update rate for SEW magnitude spectra is usually one SEW every speech frame. In this paper, the interval of 25 ms is used. To quantize SEW magnitude spectrum is a complicated case. The reason is that its dimension K ( f ) varies with the pitch period P(t), and the relation between K(tj and P(r) is K(f)=LP(t)/ 2J at the instant f. In ow WI implementation, the pitch period P varies in the range 20-120 samples and thus this dimension K varies in the range 10-60 (the DC 0-7803-8678-7/04/$20.00 02004 IEEEcomponent is usually omitted). Commonly, the most convenient way to quantize the variable-dimension spectral vectors is a variable dimension vector quantizer In this scheme, the SEW magnitude spectrum is first transformed into the discrete cosine transform (DCT) domain. Then the resulting vector is quantized with an 8-bit analysis-by-synthesis (A-b-S) predictive vector quantizer using perceptual weighting.
DCT-based dimension conversion
The most significant factors affecting the objective accuracy of the quantized variable-dimension magnitude spectra are the transmission rate and the number of hits assigned for the quantization task [5] . Another significant factor is the coding technique that is used to alleviate the problem of the inconstant vector dimension [5] . In [3], the dimension conversion technique based on DCT has been proved to be a strong candidate for many applications. Therefore, in our SEW magnitude quantization scheme, the process of dimension conversion based on DCT is used as well.
The basic idea of the DCT-based dimension conversion technique is to fist perform the discrete cosine transform of the variable-dimensional vector and to zero-pad or truncate the DCT-domain vector to a fixed length prior to quantization. Then at decoder the DCT-domain vector is again truncated or zero-padded to the original length and converted back into the original domain by using inverse transform [5] .
Thinking of the computational complexity and memory requirements, it is necessary for a vector quantizer based on DCT to select an appropriate dimension that is as low as possible while still maintaining good quantization quality. The test was performed with twelve different codebook dimensions by using a WI coder to quantize original SEW magnitude spectra. The used measure are the weighed signal-to-noise (WSNR) and the spectral distortion The test results are depicted in Figure I using the 8-bit full search vector quantizer. The output WSNR and SD of the scheme are illustrated in the left and right part of Figure 1 . Evidently, no significant improvement can be achieved by increasing the codebook dimension beyond half of the maximum dimension 60. Therefore, it can be concluded that the codebook dimension 30 offers a good trade-off. The conclusion is consistent with that proposed by [SI.
SEW predietive A-b-S vector quantiztion
It has been observed that there seems to be some correlation between the successive SEW magnitude spectra and a dual predictive approach for SEW quantization has been proposed [4] . In this paper, another SEW predictive A-b-S vector quantization scheme based on DCT is proposed. Figure 2 illustrates the proposed scheme which uses the past quantized SEW magnitude to predict the current SEW magnitude. At the encoder, the SEW magnitude spectra are first down sampled and transformed into DCT domain. The resulting 30-dimension vectors are quantized by A-b-S vector quantization. At the decoder, the DCT-domain magnitude vectors are transformed back into magnitude spectra. The WSNR and SD of the scheme are illustrated in Figure 3 . . bits / vector bits / vector linearly with increasing hit rate. So the quantization accuracy of the SEW magnitude quantizer can increase with increasing bit rate in an objective sense. In our WI implementation, an 8-bit quantizer is employed.
REW MAGNITUDE QUANTIZATION
REW magnitude spectrum is still a variable dimension vector. It has been ascertained that one of unique features of REW quantization is low-resolution quantization with a high update rate. A simple and efficient way to obtain a lowresolution representation is to represent the magnitude spectra as a linear combination of a small number of basis functions such a s orthonormal polynomial [4] and DCT coefficient [SI. In this paper, the REW magnitude spectra are first converted into a fixed dimension vector, which covers the available frequency range from zero to the Nyquist frequency using the variable dimension of vector. Then the resulting magnitude vector is transformed into DCT-domain vector. Finally, a matrix quantinion scheme is performed.
Combined dimension conversion method
The combined dimension conversion method includes the variable dimension of vector and the DCT-based dimension conversion technique. The variable dimension of vector is based on VDVQ method proposed by [2] . The basic idea is to represent the K-dimensional input vector x using a K,,-dimensinnal vector X'
otherwise (4)
where, x'(k) denotes the kth element of X' , di) denotes the ith element of X , and r.1 denotes rounding towards infmity. The inverse process is to reconstruct the K- 
In order to obtain the reduced dimension magnitude 
REW magnitude quantization
In [5] and [8] , matrix quantization of REW magnitude spectra has been proposed. In this paper, we use a matrix quantizer to quantize the DCT-domain REW magnitude spectra matrix obtained by using the combined dimension conversion method. At the encoder, the update rate for REW magnitude spectra is set to five REW Table I . As can be seen from Table 1 , for male speakers, female speakers, and the total speakers, the 4-bit quantizer preference is 4.2%, 7.7% and 6.0% higher than that of the IO-bit quantizer respectively. Therefore, the subjective quality of the 4-bit quantizer exceeds that of the 10-bit quantizer.
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We have presented the quantization schemes for the magnitude spectra of the SEW and REW components in a 2 kb/s WI coder. The frame length is 25 ms, and ten characteristic waveforms are extracted every frame. In this coding scheme, the DCT-domain SEW magnitude spectra vectors are quantized with an 8-bit predictive A-b-S vector quantizer presented in Section 2 and the REW magnitude spectra are quantized with a 4-bit matrix quantizer discussed in Section 3. The results of quantizing SEW and REW magnitude spectra given in this paper indicate that the dimension conversion based on DCT and predictive Ab-S quantiztion used for SEW magnitude spectra are effective in achieving a good quantiztion accuracy, and the combined dimension conversion method and matrix quantization used for REW magnitude spectra are efficient in preserving the smoothing of the REW magnitude spectra.
